Strain S12-2-1 T was isolated from a soil sample collected in the Gyeongsangnam-do province of the Republic of Korea. The isolate is a Gram-stain-negative, aerobic, short, rod-shaped bacterium, and its colonies are red to pink in colour. Analysis of the 16S rRNA gene identified strain S12-2-1 T as a member of the genus Hymenobacter in the family Cytophagaceae, with high levels of 16S rRNA gene sequence similarity to Hymenobacter arizonensis OR362-8 T (97.7 %), Hymenobacter sedentarius DG5B T (97.4 %) and Hymenobacter humi DG31A T (97.2 %). The isolate was positive for catalase and oxidase, but negative for acid production from glucose. The growth of strain S12-2-1 T was supported at 4-30 C, pH 7-10 and in the presence of 0-0.5 % NaCl. Strain S12-2-1 T contained menaquinone-7 as the predominant respiratory quinone, sym-homospermidine as the major polyamine and iso-C 15 : 0 , anteiso-C 15 : 0 and summed feature 3 (C 16 : 1 !7c/C 16 : 1 !6c) as the major fatty acids. Phosphatidylethanolamine was the major polar lipid. The genomic DNA G+C content was 58.7 mol%. Phenotypic and chemotaxonomic data supported the assignment of the isolate to the genus Hymenobacter. However, strain S12-2-1 T exhibited a relatively low level of DNA-DNA relatedness with H. humi (31.7 %), H. arizonensis (24.4 %) and H. sedentarius (21.3 %). Based on its phenotypic and genotypic properties, along with its phylogenetic distinctiveness, strain S12-2-1 T should be considered a novel species in the genus Hymenobacter, for which the name Hymenobacter pedocola sp. nov. is proposed. The type strain is S12-2-1 T (=KCTC 52730 T =JCM 32198 T ).
T
exhibited a relatively low level of DNA-DNA relatedness with H. humi (31.7 %), H. arizonensis (24.4 %) and H. sedentarius (21.3 %) . Based on its phenotypic and genotypic properties, along with its phylogenetic distinctiveness, strain S12-2-1 T should be considered a novel species in the genus Hymenobacter, for which the name Hymenobacter pedocola sp. nov. is proposed. The type strain is S12-2-1 T (=KCTC 52730 T =JCM 32198 T ).
The genus Hymenobacter was first described by Hirsch et al. [1] , with Hymenobacter roseosalivarius being the type species; its description was later emended by Buczolits et al. [2] and Reddy [3] . At the time of writing, the genus Hymenobacter comprised 62 species with validly published names, 57 of which were directly listed in the LPSN (www.bacterio. net/hymenobacter.html), with the remaining five, Hymenobacter cavernae [4] , Hymenobacter defluvii [5] , Hymenobacter frigidus [6] , Hymenobacter gummosus [7] and Hymenobacter rubripertinctus [8] , awaiting notification. Moreover, one other strain, Hymenobacter knuensis [9] , has recently been proposed as a novel Hymenobacter species and is awaiting validation. Cells of Hymenobacter species are Gram-stain-negative, red-to-pink colour rods that contain menaquinone-7 (MK-7) as the predominant quinone [4] [5] [6] [7] [8] [9] [10] [11] [12] . Species of Hymenobacter have been found in ecological niches such as soil [8, 13] , fresh water [9] [10] [11] , waste water [14] , marine sediment [15] , rocks [16] , biological soil crusts [17] , a glacier ice core [6] , a fish culture pond [18] and an acidic water neutralization facility [5] . While screening for novel bacteria, strain S12-2-1 T was isolated from a soil sample collected in the Gyeongsangnam-do province. Based on 16S rRNA gene sequence analysis, this isolate was assigned to the genus Hymenobacter. Strain S12-2-1 T was subjected to a detailed investigation using a polyphasic taxonomic approach that included genotypic, chemotaxonomic and phenotypic analyses. The results indicated that strain S12-2-1 T should be placed in the genus Hymenobacter as a representative of a novel species.
Strain S12-2-1 T was isolated from a soil sample collected in the Gyeongsangnam-do province (35 35¢ 16 † N 127 51¢ 02 † E) of the Republic of Korea. The sample was thoroughly suspended in distilled water, serially diluted and 100 µl of each dilution was spread onto Reasoner's 2A (R2A: Difco) solid medium. After incubation at 25 C for 1 week, one red-coloured colony was purified by subculturing using the same conditions; this isolate was maintained as a glycerol suspension (20 %, w/v) T and the three reference strains were investigated using routine cultivation on R2A agar at 25 C for 3 days.
For the phylogenetic analysis, the 16S rRNA gene was amplified from chromosomal DNA using the universal bacterial primers 9F and 1512R, as described previously [19] . Purified PCR products were sequenced at Genotech (Daejeon, Republic of Korea). The nearly complete 16S rRNA gene sequences were assembled using SeqMan software (DNASTAR). Phylogenetic neighbours were identified, and pairwise 16S rRNA gene sequence similarities were calculated using both the EzBioCloud server [20] and the National Centre for Biotechnology Information (NCBI) Basic Local Alignment Search Tool (BLAST). The 16S rRNA gene sequences of related taxa were obtained from GenBank and assembled in BioEdit [21] . Multiple sequence alignments were performed using CLUSTAL_X [22] . Tree topologies were inferred by the neighbour-joining (NJ) [23] , maximum-likelihood (ML) [24] and maximumparsimony (MP) [25] methods in the program MEGA7 [26] . NJ and ML phylogenetic trees were reconstructed using Kimura's two-parameter model. A bootstrap analysis with 1000 replicates was used to indicate the confidence levels of the branches [27] .
The nearly complete 16S rRNA gene sequence of strain S12-2-1 T contained 1421 bp. Based on 16S rRNA gene sequence similarity, the closest relatives of the isolate were identified to be H. arizonensis OR362-8 T (97.7 %) [17] , H. sedentarius DG5B T (97.4 %) [13] and H. humi DG31A T (97.2 %) [28] . The sequence similarities of strain S12-2-1 T to other Hymenobacter species were less than 96.2 %. The phylogenetic position of the new isolate, determined by various tree-making algorithms, revealed that strain S12-2-1 T was a member of the genus Hymenobacter in the family Cytophagaceae; it grouped with H. arizonensis OR362-8 T , H. sedentarius DG5B
T and H. humi DG31A
T with a high bootstrap value of 98 % by the NJ method (Fig. 1) . As 16S rRNA gene sequence similarity between strain S12-2-1 T and the three above-mentioned members of the genus Hymenobacter exceeded the recommended threshold of 97 % for the delineation of bacterial species [29, 30] , DNA-DNA hybridization between the isolate and the reference strains was performed.
The Gram staining of strain S12-2-1 T was examined using the staining method described previously [31] . The morphology of cells of the isolate grown for 3 days at 25 C on R2A agar was observed under a light microscope (BX50, Olympus; Â1000) and a transmission electron microscope (HT7700, Hitachi). Catalase activity was determined by bubble production in 3 % (v/v) H 2 O 2 , and oxidase activity was determined using 1 % (w/v) tetramethyl-p-phenylenediamine [32] . The growth was assessed on R2A agar, LuriaBertani agar (LB), nutrient agar (NA) and trypticase soy agar (TSA), which were all purchased from Difco. The temperature range that allows growth was tested by growing strain S12-2-1 T in R2A broth (MB Cell) incubated at 1, 4, 10, 15, 20, 25, 30, 37 and 42 C for 7 days. Anaerobic growth was tested as described previously [33] . Growth at different pH levels (pH 4-11, in 1 unit increments) and NaCl concentrations (0.5, 1, 1.5, 2, 3, 4, 5 and 10 %, w/v) was evaluated in R2A broth for 5 days. The pH of the medium was adjusted using acetate buffer (pH 4-6), phosphate buffer (pH 7-8) and Tris buffer (pH 9-11). Enzyme activities, the assimilation of carbon sources, acid production from substrates and other physiological characteristics of the novel isolate and the three reference strains were determined using the API ZYM, API 20NE, API ID 32 GN and API 50 CH kits according to the manufacturer's instructions (bio-M erieux). API 50 CH strips were inoculated with cells suspended in API 50 CHB/E medium (bioM erieux). The API 20 NE, API 32 GN and API 50CH strips were inspected after 5 days of incubation at 25 C, whereas the incubation time for API ZYM was 18 h.
Cells of strain S12-2-1 T were Gram-stain-negative, non-flagellated rods (Fig. S1 , available in the online version of this article). The strain grew aerobically on R2A and NA agar, but not on TSA or LB agar. The temperature range that allowed growth was 4-30 C, with optimal growth occurring at 25 C. The pH range that allowed growth was pH 7.0-10.0, with optimal growth occurring at pH 7.0. Other physiological and biochemical properties of strain S12-2-1 T are given in the species description. The biochemical characteristics of the isolate were similar to those reported for other members of the genus Hymenobacter [2, 5-7, 15], i.e. it was positive for oxidase, acid phosphatase, alkaline phosphatase and leucine arylamidase activities, but negative for indole production, a-fucosidase and b-glucuronidase. Phenotypic characteristics that differentiated strain S12-2-1 T from its closest neighbours in the genus Hymenobacter are listed in Table 1 . Notably, strain S12-2-1 T could be differentiated from the reference strains based on its ability to grow at 10 C and its inability to grow at pH 6 and to produce N-acetyl-b-glucosaminidase and a-chymotrypsin. Moreover, numerous other phenotypic characteristics could be used to distinguish the isolate from its closest phylogenetic neighbour, H. arizonensis JCM 13504 T , and the type strains of other members of the genus Hymenobacter.
The genomic DNA of strain S12-2-1 T and the most closely related strains, H. arizonensis JCM 13504
T , H. sedentarius KCTC 32524
T and H. humi JCM 19635 T , was extracted according to the standard cetyltrimethylammonium bromide/NaCl protocol [34] . The genomic DNA G+C content of strain S12-2-1 T was determined by reverse-phase high-performance liquid chromatography (HPLC) analysis of the individual nucleosides that resulted from DNA hydrolysis and dephosphorylation using the nuclease P1 and alkaline phosphatase [35] . Single-stranded DNA from salmon testes (D7656; Sigma; DNA G+C content, 41.2 mol%) was used as a standard. Hymenobacter pedocola S12-2-1 T (LC315612)
Hymenobacter sedentarius DG5B T (KF601295)
Hymenobacter arizonensis OR362-8 T (JX294485)
Hymenobacter coccineus CCM 8649 T (KX611463)
Hymenobacter nivis P3 T (LC153096)
Hymenobacter aquaticus 16F3P T (KU758879)
Hymenobacter chitinivorans Txc1 T (Y18837)
Hymenobacter elongatus VUG-A112 T (GQ454797)
Hymenobacter algoricola VUG-A23a T (EU155009)
Hymenobacter fastidiosus VUG-A124 T (EU155015)
Hymenobacter glacieicola B1909-3 T (KM203869)
Hymenobacter psychrophilus BZ33r T (GQ131579)
Hymenobacter actinosclerus CCUG 39621 T (Y17356)
Hymenobacter aerophilus DSM 13606 T (EU155008)
Hymenobacter tibetensis XTM003 T (EU382214)
Hymenobacter xinjiangensis X2-1g T (DQ888329)
Hymenobacter gelipurpurascens Txg1 T (Y18836)
Hymenobacter seoulensis 16F7G T (KU758880)
Hymenobacter rigui WPCB131 T (DQ089669)
Hymenobacter perfusus A1-12 T (HM032896)
Hymenobacter swuensis DY53 T (JX308618)
Hymenobacter arcticus R2-4 T (KC213491)
Hymenobacter metalli A2-91 T (HM032898)
Hymenobacter ginsengisoli DCY57 T (JN090860)
Hymenobacter flocculans A2-50A T (HM032897) Filled circles indicate that the corresponding nodes were also recovered in trees generated with the maximumlikelihood and maximum-parsimony algorithms. Open circles indicate that the corresponding nodes were also recovered in the tree generated with the maximum-likelihood or maximum-parsimony algorithm. The tree was rooted using Cytophaga hutchinsonii ATCC 33406 T (M58768) as an outgroup. Bar, 0.02 substitutions per nucleotide position.
The genomic DNA G+C content of strain S12-2-1 T was 58.7 mol%, which lies within the range observed for the recognized members of the genus Hymenobacter (55-70 mol%) [1, 2, 5-8, 13-18].
Cellular fatty acids of the novel isolate and the three reference strains were analysed using cells grown on R2A agar for 3 days at 25 C. Fatty acid methyl esters (FAMEs) were prepared using the process of saponification, extraction and methylation described by Sasser [36] . FAMEs were identified and quantified by gas chromatography using the TSBA 6 database (version 6.0) from the MIDI [36] . The major fatty acids of strain S12-2-1 T were anteiso-C 15 : 0 (16.7 %), iso-C 15 : 0 (15.1 %) and summed feature 3 (C 16 : 1 !7c/C 16 : 1 !6c; 13.0 %) ( Table 2 ). This profile is similar to that of other members of the genus Hymenobacter [6, 12, 14] . However, under the same growth conditions, strain S12-2-1 T differed from H. arizonensis JCM 13504
T , H. sedentarius KCTC 32524 T and H. humi JCM 19635 T in terms of the proportions of the major and some minor fatty acids and could be differentiated from the reference strains by its lower content of C 16 : 1 !5c and summed feature 3.
To analyse polar lipids, cells of strain S12-2-1 T were cultured, collected and freeze-dried. Polar lipids were extracted according to the method described by Minnikin et al. [37] and identified by two-dimensional thin-layer chromatography and spraying with appropriate detection reagents [38] . The major polar lipid in strain S12-2-1 T was phosphatidylethanolamine (PE), which has been identified as the main polar lipid in three closest relatives, H. arizonensis JCM 13504
T , H. sedentarius KCTC 32524 T and H. humi JCM 19635 T (Fig. S2) , as well as in other Hymenobacter species [5, 10, 15, 16] . In addition, the polar lipid profile of the isolate included minor amounts of an unidentified aminolipid (AL 1 ), three unidentified Growth at/with:
Assimilation of: [17] . †Data from Lee et al. [13] . ‡Data from Srinivasan et al. [28] .
aminophospholipids (APL 1 -APL 3 ), an unidentified phospholipid (PL 1 ) and six unidentified lipids (L 1 -L 6 ). Strain S12-2-1 T and its three closest reference strains consistently possessed APL 1 , APL 2 , APL 3 , and L 5 as well as PE while the distribution of several other unidentified aminophospholipids (APL 4 -APL 6 ), aminolipids (AL 1 -AL 3 ), glycolipid (GL 1 ), phospholipids (PL 1 and PL 2 ) and polar lipids (L 1 -L 4, L 6 , and L 7 ) were heterogeneous. The novel isolate displayed a distinct polar lipid profile, distinguishing it from the closest phylogenetic relatives in the genus Hymenobacter. Isoprenoid quinones were extracted and purified as described previously [39] and analysed by HPLC according to the method established by Hiraishi et al. [40] . The predominant isoprenoid quinone in strain S12-2-1 T was MK-7, which is also the major respiratory quinone found in other members of the genus Hymenobacter [1, 2, 5-7, 12, 17] . Analysis of the polyamine pattern of strain S12-2-1 T was done as described by Busse et al. [41] . The major polyamine of the isolate was sym-homospermidine, similar to that of other species of the genus Hymenobacter [2, 5, 7, 12, 18, 28]. Cellular pigments of strain S12-2-1 T were extracted with methanol and their absorption spectrum was recorded using a UV/visible spectrophotometer (Optizen 3220UV, Mecasys). The methanol extract had absorption maxima at 265, 325, 486, 507 nm (Fig. S3) , indicating that the pigments could be assigned to the 2¢-hydroxyflexixanthin series of carotenoid pigments [17, 42] . Flexirubintype pigments were absent in the isolate on the basis of the KOH bathochromic shift test [43] .
DNA-DNA hybridization was performed fluorometrically using the method described by Ezaki et al. [44] with photobiotin-labelled DNA probes and microdilution wells. The highest and lowest values from five replications for each sample were excluded, and the mean of the remaining three values was recorded as the DNA-DNA hybridization value. Strain S12-2-1 T exhibited relatively low levels of DNA-DNA relatedness with H. humi JCM 19635 T (31.6 %), H. arizonensis JCM 13504 T (24.4 %) and H. sedentarius KCTC 32524 T (21.1 %), indicating that the isolate was not related to them at the species level [29, 30] .
The phenotypic and phylogenetic characteristics of strain S12-2-1 T indicate that it is a member of the genus Hymenobacter. However, based on its phylogenetic distance from established Hymenobacter species, the low level of DNA-DNA relatedness with the most closely related Hymenobacter species, and its specific combination of phenotypic characteristics (Table 1) , it is clear that strain S12-2-1 T is not affiliated with any recognized species in the genus Hymenobacter. These results support that strain S12-2-1 T represents a novel species of the genus Hymenobacter for which the name Hymenobacter pedocola sp. nov. is proposed.
DESCRIPTION OF HYMENOBACTER PEDOCOLA SP. NOV.
Hymenobacter pedocola (pe.do¢co.la. Gr. n. pedon soil; L. suff. -cola inhabiting; N.L. n. pedocola soil-inhabiting).
Cells are Gram-stain-negative, non-motile, aerobic rods, 0.7-1.2 µm wide and 1.3-2.8 µm long. Colonies are red to pink in colour after growth on R2A agar at 25 C for 3 days. Growth is supported at 4-30 C and pH 7.0-10.0, with optimal growth occurring at 25 C and pH 7. Growth is slow at 4 C, no growth is observed at 1 and 37 C. Cells tolerate 0.5 % NaCl, but not 1 %. No growth is observed under anaerobic conditions. Cells are positive for catalase and oxidase activities. In API 20 NE tests, positive for aesculin hydrolysis, but negative for gelatin hydrolysis, glucose fermentation, nitrate reduction, indole production, urea hydrolysis and arginine dihydrolase activity. In the API ZYM tests, positive for acid phosphatase, alkaline phosphatase, cystine arylamidase, b-galactosidase, b-glucosidase, leucine arylamidase and valine arylamidase; weakly positive for esterase (C4), esterase (C8), naphthol-AS-BI-phosphohydrolase and trypsin, but negative for N-acetyl-b-glucosaminidase, a-chymotrypsin, a-fucosidase, a-galactosidase, The type strain, S12-2-1 T (=KCTC 52730 T =JCM 32198 T ), was isolated from a soil sample collected in the Gyeongsangnam-do province (35 35¢ 16 † N 127 51¢ 02 † E) in the Republic of Korea. The DNA G+C content of the type strain is 58.7 mol%.
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